Part of the difficulty in engineering education is to achieve aggregate theoretical knowledge to practice what therefore discourages the student. Trying to alleviate this difficulty, practical problems are created to encourage students to apply their knowledge in different ways; these problems can be computational order, resolved by programs through simulation, or physical, with the realization of models, prototypes, benches or interactive platforms with visual practical approach. From this, it was proposed to students of the Federal University of Pará-Campus Tucuruí through the Electric Power Systems and Mechanics Research Group, in order to apply knowledge arising from multidisciplinary fields of engineering in the construction of a prototype with reused materials and low cost enabling studies and analysis of vibrations in unbalanced motors. This system features an open source prototyping embedded platform Arduino to read values from the sensors used: accelerometers and potentiometers coupled to the engine, aiming to collect values and vary the supply voltage. The results are read by Arduino and computationally processed to be printed on an LCD display. Therefore, the aim of this is to provide an accessible way using simple techniques a prototype linking the theoretical and practical knowledge as the system of the bench that performs vibration analysis in an unbalanced motor interactively, and encourage research and development technologies in the Amazon region.
Introduction


The origin of the vibration theory, historically, is the ancient Greek philosophers of the first millennium BC. The evolution of vibration theory has contributed to advances in basic sciences such as mathematics and general mechanics [1] .
According to Afonso [2] , much of human action involves some form of vibration ranging from the proper functioning of your body in breathing, hearing and heart rate to the most diverse areas of knowledge as well as biology, chemistry, physics and technology. In technology, the study of vibrations for modern engineering has important applications in machine design, structures, engines, control systems and other issues that require the vibrations to be taken into account [3] .
In engineering, vibration studies began motivated by the balancing problem in engines. The imbalance can be arising from both manufacturing as maintenance, since they are subject to vibration. Vibration analysis in machinery and equipment allows knowing them, improving them and gaining a lot in quality, productivity and development. Therefore, one of the important purposes of the vibration study is to achieve a reduction in vibration levels.
The study of vibrations is part of the probity of the curriculum of many engineers. During the graduation, these concepts are disciplined in class comprising the calculations/vibration equations and practice in laboratories where there is the completion of knowledge through the benchers and equipments. However, currently the interaction between theory and practice is still quite divergent due to the high cost of D DAVID PUBLISHING Bench for Vibration Study in an Unbalanced Motor Using Arduino 83 equipment making the extracurricular student access in public laboratories limited or even in some cases nonexistent. The lack of dialogue between theory and practice is undesirable because the experimentation interrelates the learner trial and the objects of their knowledge, theory and practice, that is, joining the interpretation of the subject to natural phenomena and processes observed, guided not only by scientific knowledge already established, but the knowledge and hypotheses raised by students, before challenging situations [4] . According to Freire [5] , to understand a theory, it is necessary to experience it.
Conducting experiments is an excellent tool for the student to make the trial of the content and can establish the inseparable dynamic relationship between theory and practice. Practical classes can assist in the development of scientific concepts and allow students to approach objectively the world and develop solutions to complex problems [6] .
The important thing is that in addition to motivation and verification of the theory, these classes are located in a historical and technological context related learning content, so that empirical knowledge is tested and argued, to finally happen to the construction of ideas, allowing students to manipulate objects, expand their ideas, negotiate meanings with each other and with the teacher during class [7] . For Vasconcelos et al. [8] , the practical approach beyond their disciplinary relevance has deep social significance.
Following the ideas of these thinkers, there is the importance of developing practical activities that encourage students to build and enhance knowledge acquired in the classroom. Based on this, reasoning was offered to the students from the Federal University of Pará-Campus Tucuruí University through the Electric Power Systems and Mechanics Research Group, to apply their knowledge in the development of prototypes that unifies the theoretical and practical knowledge. Given this objective, in order to provide an accessible way using simple, low-cost techniques, and encourage research and technology development in the Amazon region, this paper elucidates on the development of the system of a bench built for study and vibrations analysis in unbalanced motors using vibration sensors and the Arduino prototyping platform applying interactive methods. The paper is organized as follows: Section 2 discusses methodology; Section 3 presents results and discussions; finally, Section 4 gives conclusions.
Methodology
The Functioning of the Bench
The construction of the bench for vibrations study and analysis in unbalanced motors was proposed for the discipline of physics in order to make interaction practice with theoretical knowledge of important content in the discourse of engineering course.
To understand the functioning of the equipment, it is necessary to understand some basic concepts, e.g., when a force acting on an object causes displacement of the same regarding its idle shaft reaching maximum and minimum levels, in relation to their inertial point being described sinusoidally which is known as amplitude, the amount of time which is accomplished full movement in a given time is named vibration frequency and it is generally measured in hertz. It also vibrates at a certain speed if variable assumes an acceleration of the movement featuring an oscillating system. In the case of the bench consisting of an AC motor with unbalanced shaft suspended by a spring and its reasoned movements according to the vibrational assignments, the vibration frequency varies depending on engine speed and unbalance of its rotor.
The bench includes the interest to analyze/study the vibration in the engine representing a real progress in the implementation of a periodic external force whose intensity indicates the forced harmonic motion visibly demonstrating the vibration performed by the engine during the operation of the excitation force, responsible for maintaining the system "constant" oscillatory motion. During the oscillatory period, the vibration demonstrated on the spring is visible in two axes.
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The approach dents of un gineering in th The bench ha quired in the c By powering ect current, elerometer, eleration read display, and . 9. However, besides demonstrating interactively vibration performed by the motor when it has its unbalanced rotation axis, the bench also makes it possible to obtain data through the Arduino microcontroller, which is inserted in Eq. (1) . It enables the production of specific graphics, as listed in Figs. 12-14. sin
Conclusions
The use of experiments/prototypes and the proposal of students to make them, to engineering education, creates a new possibility of learning to create a differentiated process that merely contact with the theoretical content of the subject and without interdependence with reality. 1  12  23  34  45  56  67  78  89  100  111  122  133  144  155  166  177  188  199  210  221  232  243  254  265  276  287  298  309  320  331  342 17  25  33  41  49  57  65  73  81  89  97  105  113  121  129  137  145  153  161  169  177  185  193  201  209  217  225  233  241  249  257 Thus, the bench for vibration study in an unbalanced motor using Arduino is shown interactively, an interesting learning tool in engineering education, by its simple construction and implementation, to be a work with low-cost materials, which allows the students to apply and understand most of the concepts related to vibrations, Hooke's law among others. So, this prototype becomes a great motivator time to learn and develop knowledge, and encourage more research and activities with this line in the Amazon region. 1  11  21  31  41  51  61  71  81  91  101  111  121  131  141  151  161  171  181  191  201  211  221  231  241  251  261  271  281  291  301  311  321  331  Vibrações no Motor   Tempo (ms) 
